male/female ratio = 149/43, Child-Pugh score 5/6/7 = 106/56/30, albumin-bilirubin (ALBI) grade 1/2 = 64/128, Kinki criteria B1/B2 = 64/128] were enrolled. TTTP was defined based on a previous report and first imaging performed 3 months after initial TACE had been used to obtain baseline images. The patients were divided into three groups according to TTTP (<5, 5-10, and ≥ 10 months; group I, II, and III, respectively). We evaluated the relationship between TTTP and overall survival (OS) as well as the prognostic factors for death. Results: The median number of TACE procedures was 4 (interquartile range 3-7). There was a moderate correlation between TTTP and OS ( r = 0.527, 95% CI 0.416-0.622, p < 0.001). The median survival for group I ( n = 78), II ( n = 49), and III ( n = 65) was 24.6, 34.7, and 49.5 months, respectively (group I vs. group II, p = 0.023; group I vs. group III, p < 0.001; group II vs. group III, p = 0.037; Holm's method). ALBI grade 2 (HR 1.548, 95% CI 1.004-2.388, p = 0.048), al- pha-fetoprotein (>100 ng/mL) (HR 1.540, 95% CI 1.035-2.291, p = 0.033), and TTTP (<5 months) (HR 2.157, 95% CI 1.447-3.215, p < 0.001) were significant prognostic factors for death in multivariate Cox hazard analysis. Conclusion: In patients with reduced TTTP, especially <5 months, it might be difficult to improve prognosis with a repeated TACE procedures. In such cases, reconsideration of the therapeutic strategy might be needed when possible.
Validation of Newly Proposed Time to

Introduction
Hepatocellular carcinoma (HCC) is the fifth most common type of malignant tumor [1] and the third leading cause of cancer death throughout the world [2] , though progress in the methods used for hepatic resection [3] [4] [5] [6] and radiofrequency ablation [7] [8] [9] [10] [11] [12] [13] [14] as curative treatments has improved the prognosis of affected patients. However, it is well known that recurrence of HCC frequently occurs following curative treatment. Transarterial chemoembolization (TACE) [15] [16] [17] [18] [19] has been developed as a palliative treatment for unresectable HCC in patients with or without a past history of treatments, especially for those in Barcelona Clinic Liver Cancer stage B (BCLC-B) (intermediate), and reported to be effective for improving patient prognosis.
Recently, systemic therapies with tyrosine kinase inhibitor (TKI) have been developed as treatments for unresectable HCC [20] [21] [22] [23] [24] [25] [26] . With recognition of the therapeutic effectiveness of TKI against HCC, the notion of TACE-refractory status has been proposed as an indication for switching from TACE to TKI [27] , and Ogasawara et al. [28] and Arizumi et al. [19] reported the clinical importance of switching to sorafenib for intermediate-stage HCC patients to improve their prognosis.
The importance of determining TACE-refractory status and predicting progression in patients who have undergone repeated TACE procedures has increased, and as a new criterion for predicting poor prognosis, time to TACE progression (TTTP) has been proposed recently [29] . It has been shown that TTTP has a moderate correlation with overall survival (OS) after progression in patients with stage BCLC-B HCC who have been treated with TACE.
In the present study, we examined the usefulness of TTTP for predicting the prognosis in HCC patients with BCLC-B and good hepatic function (Child-Pugh score ≤ 7) who underwent repeated TACE procedures.
Patients and Methods
Patients
From 2006 to 2016, 205 patients with Kinki criteria B1 or B2 substage HCC [30] were treated with TACE. After excluding 13 patients because of lack of follow-up imaging data for evaluation of TTTP, 192 were enrolled in this study.
Diagnosis and Treatment of HCC
HCC was diagnosed based on an increasing course of alphafetoprotein (AFP) as well as dynamic CT [31] , MRI [32] , contrastenhanced US with perfluorobutane (Sonazoid ® ; Daiichi Sankyo Co., Ltd., Tokyo, Japan) [33, 34] , and/or pathological findings. Tumor node metastasis (TNM) stage was determined using the criteria reported in studies for staging of HCC conducted by the Liver Cancer Study Group of Japan (LCSGJ, 6th edition) [35] . Prior to 2005, all enrolled patients were treated based on the HCC strategy developed by Ehime Prefecture Hospital. For those beyond the Milan criteria [36] , surgical resection, if possible, was selected, while TACE was performed when surgical resection could not be performed [8] . Since 2005, all treatments were performed following the Japanese practical guidelines for HCC [37] whenever possible after obtaining written informed consent from each patient.
Kinki Criteria for Substaging of BCLC-B HCC
Using the reported Kinki criteria [30] , patients were classified according to Child-Pugh score (5-7 or 8-9 points) and tumor burden (Milan criteria [36] , up-to-seven criteria [38] ). Staging for patients with a Child-Pugh score of 5-7 and within the up-to-seven criteria was B1, for those with a Child-Pugh score of 5-7 and beyond the up-to-seven criteria B2, and for those with a Child-Pugh score of 8-9 and any tumor status B3 [39] .
TACE Procedure
All nodules treated with TACE were shown to be hypervascular. Two experienced radiologists (Y.I., T.M.) and a hepatologist (A.H.) performed the TACE procedures, for which a microcatheter was inserted into the artery feeding the tumor in a manner as superselective as possible following conventional hepatic angiography, after which a segmental or subsegmental TACE procedure was performed. Prior to the procedure, antegrade flow in the portal vein and absence of obstruction of the main trunk of the portal vein were confirmed by US, dynamic CT, and portography findings obtained via the superior mesenteric artery. Epirubicin hydrochloride (Farmorubicin ® ; Pfizer Japan Inc., Tokyo, Japan), before January 2010, or miriplatin hydrate (MIRIPLA ® ; Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan), after February 2010, was injected together with Lipiodol in all cases, after which a gelatin sponge cut into small fragments (Gelfoam ® ;
Upjohn, Kalamazoo, MI, USA), before August 2006, or small gelatin sponge fragments (Gelpart ® ; Nippon Kayaku Co., Ltd., Tokyo, Japan), after September 2006, were used for embolization. The goal of embolization was disappearance of tumor staining without complete obstruction of the hepatic artery. Three months after TACE, dynamic CT and/or EOB-MRI were performed. When intrahepatic recurrence was confirmed, the TACE procedure was repeated.
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Time to TACE Progression TTTP was defined based on findings previously reported [29] . For baseline imaging, the results of dynamic CT or EOB-MRI performed 3 months after the initial TACE were used, then findings from dynamic CT or EOB-MRI obtained 3 months after TACE were utilized for comparison to the baseline images. To assess the target lesions, the five largest tumors shown in the images were selected from intrahepatic lesions for calculating the total maximum diameter (two-dimensional measurement) of each viable lesion. When the total maximum diameter as compared to that seen in the baseline images was ≥ 1.2 times larger, progression was determined.
When complete response was noted in the first imaging, the date of confirmed recurrence of HCC was defined as the date of progression, while the appearance of vascular invasion or extrahepatic spreading was also regarded as progression. Patients were divided into three groups based on TTTP (<5 months [group I], 5-10 months [group II], and ≥ 10 months [group III]), then OS after progression was evaluated.
Written informed consent was obtained from all patients prior to treatment. The study protocol was in compliance with the Helsinki Declaration and approved by the Institutional Ethics Committee of Ehime Prefectural Central Hospital (No. [29] [30] [31] [32] [33] [34] [35] [36] .
Statistical Analysis
Statistical analyses were performed using the Kaplan-Meier method with log-rank test, and Pearson correlation test, Student t test, Welch test, Mann-Whitney test, χ 2 test, or Fisher exact test, as appropriate. Multiple comparisons were analyzed using Holm's method. Statistical significance was defined as p < 0.05. Statistical analyses were performed using EZR, a graphical user interface for R, version 1.32 (The R Foundation for Statistical Computing, Vienna, Austria).
Results
The clinical background information is shown in Table 1 . The median number of TACE procedures was 4 (interquartile range 3-7). There was a modest correlation between TTTP and OS ( r = 0.527, 95% CI 0.416-0.622, p < 0.001) ( Fig. 1 ) .
The OS rate for each group based on TTTP was analyzed. Stratification ability using survival curves for each of those groups was good, with significant differences between them observed. The median survival time for group I ( n = 78) was 24.6 months, while that of group II ( n = 49) ( Fig. 2 ) .
In univariate Cox hazard analysis, aspartate aminotransferase (>40 IU/L), albumin-bilirubin (ALBI) grade 2, AFP (>100 ng/mL), protein induced by vitamin K absence or antagonist-II (PIVKA-II) (>100 mAU/mL), TNM stage III, and TTTP (<5 months) were significant prognostic factors for death after TACE introduction for BCLC-B HCC. Multivariate analysis showed that ALBI grade 2 (HR 1.548, 95% CI 1.004-2.388, p = 0.048), AFP (>100 ng/mL) (HR 1.540, 95% CI 1.035-2.291, p = 0.033), and TTTP (<5 months) (HR 2.157, 95% CI 1.447-3.215, p < 0.001) were significant prognostic factors ( Table 2 ) .
In a comparison between Kinki criteria B1 ( n = 64) and B2 ( n = 128) cases, Child-Pugh score/classification was not significantly different ( p = 0.818), while the frequency of TNM stage III was greater in the B2 subgroup ( p = 0.001) (data not shown). Although the survival curve for the B1 cases was superior to that of the B2 cases, no significant difference was seen (median survival time: B1 vs. B2 = 44.1 vs. 34.1 months, p = 0.161). Furthermore, no significant difference was observed between B1 and B2 with regard to TTTP (median TTTP: B1 vs. B2 = 7.2 vs. 6.8, p = 0.899). 124 Discussion TACE-refractory status has been proposed in studies conducted in both Western and Asian countries [27, 40, 41] . Switching to TKI is considered important for improvement of prognosis in patients with BCLC-B HCC who are confirmed to be TACE refractory [19, 28] . The usefulness of sorafenib for advanced HCC was demonstrated in the SHARP [20] and Asia-Pacific [42] trials. Moreover, regorafenib has been proposed for use as a second-line agent in cases receiving sorafenib therapy [21] , while the effectiveness of lenvatinib as another first-line TKI agent for unresectable HCC has recently been reported [22, 23] . In the future, determination of TACE-refractory status will increase in importance along with the introduction of therapeutic options for improvement of prognosis in HCC patients because of the increasing number of effective TKI treatments presently under development.
TTTP has been proposed as a new factor for determining progression in patients undergoing repeated TACE treatments. From the viewpoint of therapeutic response to TACE, TTTP showed a moderate correlation to OS after introduction of TACE, and OS was reduced in the patients with shorter TTTP (group I) as compared to the others. These results were similar to those of the previous report that originally proposed TTTP [29] .
In addition, maintained hepatic function is important for improving the prognosis of BCLC-B HCC patients, except for therapeutic response to repeated TACE procedures. In our previous study, hepatic function worsened with repeated TACE procedures [43] , as determined with the use of the newly proposed ALBI score [44] [45] [46] . Some reports have noted the usefulness of ALBI grade for patients undergoing sorafenib treatment and for subclassification of BCLC-B HCC [47] [48] [49] . In fact, ALBI grade 2, but not Child-Pugh class B (score 7), was shown to be an independent risk factor for death by Cox hazard analysis findings in the present study. Since TKI therapy is recommended for patients with good hepatic function, it is important to keep in mind that noneffective TACE can also harm hepatic function, thus possibly reducing the opportunity for TKI treatment in the future.
Although the OS of the Kinki criteria B1 subgroup was not superior to that of the B2 subgroup in our study, previous reports with larger cohorts of patients classified as BCLC-B [30] according to the Kinki and Bolondi [49] criteria, used with Child-Pugh score, or the MICAN criteria [48] , used with ALBI grade, have found that a lower subgrade is related to better prognosis. In our results, TTTP did not show significant differences when compared between the Kinki criteria B1 and B2 subgroups ( p = 0.899). The response to TACE might be similar for each subgrade of BCLC-B. For BCLC-B HCC patients treated with TACE in this multiple TKI era, prolonging postprogression survival is thought to be necessary for improving OS, thus identification of patients who easily develop TACE failure or refractory status has become important [50] . TTTP may be suitable for determining the optimal timing for switching to TKI while avoiding worsened hepatic function.
Our study has some limitations. First, this was a validation study based on retrospective analyses. Furthermore, all analyzed patients were treated at the same institution. Finally, a suitable assessment method for hepatic function with regard to TKI treatment remains to be established. In the future, a prospective study with a larger cohort treated at multiple institutions will be needed.
In conclusion, TTTP may be a good surrogate endpoint for use in a TACE combination trial with TKI or immunotherapy, because TTTP correlates with OS. In patients with reduced TTTP, especially <5 months, it might be difficult to improve prognosis by repeated TACE procedures. In such cases, reconsideration of the therapeutic strategy, including switching treatment from TACE to TKI, may be necessary.
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